Introduction
Hematopoiesis in Drosophila larvae takes place predominantly at the Lymph Gland (LG), which 56 is composed of two primary lobes symmetrically localized at both sides of the dorsal vessel, and 57 smaller posterior lobes that follow a similar array (1) (Fig. 1a) . At the primary lobes, blood 58 progenitors (prohemocytes) differentiate into myeloid-like lineages through evolutionary 59 conserved mechanisms, making the LG an attractive model to explore the pathways involved in 60 normal and oncogenic hematopoiesis (2-4). At the 3 rd larval instar, prohemocytes are compactly 61 arranged in an internal region of the primary lobe, called Medullary Zone (MZ), characterized by 62 the expression of the JAK/STAT receptor domeless (dome) (Fig. 1a, b) (1, 5, 6). Maturing 63 hemocytes are found in the peripheric region of the lobe, called Cortical Zone (CZ), which can 64 be identified by the expression of the Von Willebrand-like factor hemolectin (hml) (Fig. 1a, b ) 65 (1). An Intermediate Progenitor (IP) population has been described at the MZ/CZ boundary, 66 defined by the expression of both dome and hml (Fig. 1b) , but its physiological relevance 67 remains poorly defined (2, 7). Two types of differentiated populations of hemocytes occur at 68 the CZ: Plasmatocytes (PLs) and Crystal Cells (CCs) ( Fig. 1a) , whereas a third cell type, the 69 Lamellocytes, differentiate only following specific immune challenges. PLs, which constitute the 70 bulk (95%) of mature hemocytes, are macrophages that retain hml expression, while they also 71 express the receptors Nimrod (or P1-antigen) and Eater, both of them important for recognition 72 of bacteria (8-10). The CCs, named after their cytoplasmic inclusions of Prophenoloxydase 73 (ProPO), mediate melanization of pathogens and wounds, and constitute 5% of the total 74 number of mature hemocytes. Mature CCs are thus characterized by the expression of ProPO, 75 and no longer express the hml marker, characteristic of other CZ cells (5, 11) . A population of 76 CC Progenitors can also be identified at the CZ by the expression of the RUNX transcription 77 factor Lozenge (Lz), homolog of the human AML1/Runx1 protein, frequently altered in Acute 78 Myeloid Leukemias (1, 12). Another remarkable LG region, termed Posterior Signaling Center 79 (PSC), occurs at the posterior tip of each primary lobe ( Fig. 1b) . It has been reported to function 80 as the niche that maintains the progenitor population of the MZ in an undifferentiated state 81 (13) (14) (15) . PSC cells express the homeobox protein Antennapedia (Antp) (14), the signaling 82 molecule Hedgehog (Hh) (14), the Notch ligand Serrate (Ser) (16), and the gene collier (col), 83 ortholog of the mammalian Early B-cell Factor (EBF) (6, 17) . Hh expressed at the PSC targets the 84 Medullary Zone and is required to restrain progenitor differentiation (14) . Recently the notion 85 that the PSC functions as a hematopoietic niche has been challenged, as genetic ablation of this 86 structure did not alter progenitor maintenance nor steady-state blood cell differentiation (18, 87 19). 88 Notch is a conserved signaling pathway utilized repeatedly during development of all metazoa. 89 It is typically involved in cell differentiation, binary cell fate decisions, cell proliferation and cell 90 survival (20) . The Notch receptor, which gives the name to the pathway, can be activated by its 91 transmembrane ligands Serrate (Ser) or Delta (Dl) expressed in adjacent cells ( Fig. 1c hml, and can be considered Intermediate Progenitors. We found that this is not the case: In 130 larvae that coexpress the Blue Fluorescent Protein (BFP) under a tepIV-Gal4 driver (tepIV > 131 BFP), and GFP directly driven by a domeMESO promoter (domeMESO-GFP), along with dsRed 132 controlled directly by an hml promoter (hml-dsRed), three distinct cell populations can be 133 recognized: 1) Core Progenitors positive for both tepIV > BFP and domeMESO-GFP ( Fig. 1d , 134 region 1); 2) Cells positive only for domeMESO-GFP ( Fig. 1d, region 2) ; and 3) Intermediate 135 Progenitors in which domeMESO-GFP and hml-dsRed signals overlap ( Fig. 1d, region 3) . Thus, 136 an uncharacterized population of domeMESO progenitors which do not express tepIV or hml 137 occurs in the lymph gland. We henceforth propose the name "Distal Progenitors" for this 138 particular population, in reference to their distal location from the dorsal vessel and Core 139 Progenitors. Interestingly, the membrane receptor Eater, often considered a PL-specific marker 140 (10, 37), is also expressed in Distal Progenitors of wandering 3 rd instar larvae ( Fig. 1e , region 2), 141 whereas it is barely detectable in Core Progenitors (Fig. 1e , region 1). 142 We conclude that three distinct populations of hemocyte progenitors occur at the Medullary 143 Zone of 3 rd instar larvae lymph glands: 1) Core Progenitors, which co-express tepIV and 144 domeMESO; 2) Distal Progenitors that are positive for domeMESO but negative for tepIV and 145 hml; and 3) Intermediate Progenitors, which co-express domeMESO and hml ( Fig. 1f ).
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The Notch pathway is required for Core Progenitor maintenance 148 Notch expression is widespread throughout the lymph gland, suggesting that this pathway 149 might operate in various cell types ( Fig. 2a, upper) . We initially analyzed Notch function in Core 150 Progenitors by expressing a notch RNAi with tepIV-Gal4 (Fig 2a, middle) , and observed a clear 151 reduction of Core Progenitors ( Fig. 2a, b) , while both Plasmatocytes (PLs) and Crystal Cells 152 (CCs), increased significantly (Fig. 2b) . The number of cells of the PSC remained unaltered ( (Fig. 2d) . Altogether, these results suggest that the Notch pathway is required cell-161 autonomously for maintenance of Core Progenitors in an undifferentiated state. 162 We next analyzed whether over-activation of the Notch pathway provokes the opposite 163 phenotype, namely an increase of Core Progenitors and general differentiation impairment. 164 This was not the case, as over-expression with tepIV-Gal4 of a full-length Notch construct ( Fig.   165 S1b) or Su(H) did not alter Core Progenitor, PL or CC populations ( Fig. S1c, d) . These results 166 suggest that endogenous activity of the Notch pathway is already sufficient to prevent 167 excessive differentiation of Core Progenitors. It was recently reported that Notch is expressed 168 transiently at the 1 st larval instar (L1) in a small group of Hematopoietic Stem Cells (HSCs) (38), 169 so we analyzed the possibility that the phenotype that we observed in Core Progenitors stems 170 from an alteration of Notch function in L1 HSCs. To investigate this, we used a thermosensitive 171 Gal80 construct to silence Notch expression only from mid-second larval instar onwards ( Fig.   172 S1e, upper). The results were identical to those in which Notch was constitutively silenced ( Fig.   173 S1e and Fig. 2b) , ruling out the possibility that the loss of Core Progenitors observed after 174 Notch silencing depends on an early role in L1 HSCs. 175 The findings shown in this section are consistent with a requirement of the Notch pathway for 176 maintenance of Core Progenitors in an undifferentiated state. Progenitor maintenance and hemocyte differentiation. Noteworthy, after antp-driven ablation, 206 a negative correlation between surviving ser + , antp -PSC cells and hemocyte differentiation 207 occurs: Lymph glands with a small ser-positive area at the PSC display greater PLs 208 differentiation than those with a larger ser-positive area at the PSC (Fig. 3d) . These results 209 suggest that ser expressing cells of the PSC are important for Core Progenitor maintenance, and 210 that the ser expressing cells that survive to antp-driven apoptotic cell ablation can support 211 normal blood cell differentiation. 212 213 In Distal Progenitors the Notch pathway controls a binary cell fate decision 214 We have shown above that notch silencing with tepIV-Gal4 provokes enhanced differentiation 215 of both PLs and CCs (Fig. 2b) . In sharp contrast, notch silencing with domeMESO-Gal4 brought 216 about almost complete loss of CCs accompanied by an increased proportion of PLs (Figs. 4a and 217 S2a). Similar results were obtained when su(H) was silenced with the same driver ( Fig. 4b) , 218 suggesting that the Notch pathway promotes CC differentiation in Distal Progenitors, while the 219 PL fate is inhibited. To further explore this possibility, we over-expressed with domeMESO-Gal4 220 a full-length Notch construct ( Fig. S2b) or the Notch Intracellular Domain (NICD), and observed 221 in both cases that PL differentiation was virtually blocked, and CCs increased dramatically ( Fig.   222 4c). Over-expression of Su(H) with domeMESO-Gal4 provoked the same effect ( Fig. 4d) . We 223 thus conclude that an increase of Notch pathway activity in Distal Progenitors induces CC 224 differentiation and inhibits PL differentiation. 225 To confirm that the activity of Notch is indeed required for normal differentiation in Distal 226 Progenitors that are positive for domeMESO and negative for hml ( Fig. 1d, f (Fig. S2c) . In a control experiment, 231 hml-QF driven expression of QUAS-Gal80 effectively repressed Gal4 activity in the CZ (Fig. S2d) . 232 These results confirm that Notch operates in the Distal Progenitors, which express domeMESO 233 but not hml. 238 Next, we explored further aspects of this Notch-dependent binary fate decision that takes place 239 in Distal Progenitors. Noteworthy, a closer look to eater-dsRed reporter expression shown in 240 Fig. 1e revealed that eater-dsRed can be detected in most Distal Progenitors but is virtually 241 absent in a few cells within this region ( Fig. 5a) . A possible explanation is that eater-expressing 242 Distal Progenitors at the 3 rd instar might be already committed towards a PL fate, while those 243 Distal Progenitors with very low eater levels are likely committed to become CCs. Consistent 244 with this notion, we observed at the CZ that eater-dsRed expression occurs in most hml-positive 245 cells, while it is excluded from those cells that express the CC progenitor marker Lz (Fig. 5b) . 246 Lineage tracing experiments with an eater-Gal4 driver revealed that the lineage does not 247 include CCs (Fig. 5c) Notch with domeMESO-Gal4, a treatment that induces massive differentiation to CCs (Fig. 4c) , 258 and observed almost complete absence of dome + , eater + double-positive Distal Progenitors (Fig.   259 5d). Conversely, Notch silencing provoked a complete conversion of dome + eaterprogenitors 260 into dome + , eater + double-positive Distal Progenitors (Fig. 5d) . These observations suggest that 261 eater expressed in Distal Progenitors is an early marker for a Notch-dependent binary fate 262 decision, labeling cells committed to a PL fate. 265 Groups of Serrate-expressing cells lying next to the MZ/CZ boundary, which instruct progenitors 266 to acquire a CC fate have been previously reported (16, 23). We therefore investigated whether 267 these cells provide the ligand for the Notch-dependent binary cell fate decision in Distal 268 Progenitors. We noticed that a major proportion of these Ser-expressing cells, but not the Ser-269 expressing cells of the PSC, co-express domeMESO (Fig. 6a) , so we utilized domeMESO-Gal4 to 270 manipulate Ser expression. Silencing of ser with domeMESO-Gal4 virtually blocked CC 271 differentiation, while it increased PL proportion (Fig. 6b) , mimicking the effect of notch silencing 272 with the same Gal4 driver (Fig. 4a) . In agreement, overexpression of Ser rendered the opposite 273 results, increasing CCs and reducing PLs (Fig. 6c) increased PLs (Fig. 6d) , further supporting the notion that Ser expressed at the MZ/CZ boundary 279 activates Notch signaling for the binary cell fate decision in Distal Progenitors. CCs. 318 We have found that Notch, which is expressed throughout the lymph gland, plays distinct 319 functions in Core Progenitors or Distal Progenitors (Fig. 7) . In Core Progenitors Notch is required 320 for maintenance of the undifferentiated state; our results thus contribute to the incipient 321 characterization of the Core Progenitor subpopulation, in which collier (col) is expressed at low 322 but physiologically relevant levels (36). We found that Notch function in Core Progenitors 323 depends on Ser that is expressed at the PSC. This Ser expression has been reported before (1, 324 14, 16, 23), but its function remained elusive. Filopodia emanating from PSC cells and 325 intermingling between cells of the MZ have been described, and were proposed to participate 326 in Hedgehog signaling (14) . Given our observation that Ser expressed at the PSC is necessary for 327 Notch activation in Core Progenitors, and considering that direct cell-cell interactions are 328 required for Notch stimulation by its ligands, it seems reasonable to hypothesize that the 329 filopodia that emanate from the PSC may play a role in Notch signaling as well (6). 330 It has been shown that genetic ablation of the PSC by expression of the proapoptotic protein 
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